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resulunj add chloride allowed to react with different 
amines Oi situ to form the corresponding 5- 
muosalKylamides (15-22). Hydration of 1MI in 
the presence of Raney aiekel gave the required 5 
ammo^.cyfcunide, (23-30) which were condensed 
with 6 to afford 31-38 (Scheme 1). BOC ™ c ° 

The synihesi, of 7-chJoro-K4. su bstituted-phenoxy- 
P^nyla,n^„moline, (1 ,-13) wa, achieved by 

e^tr^^r^^..^.^^^ 1 



a mi„o )qu i„o,i„« ?lOWK3BS2» * witL con^Po^ ngTamTnXLS 

have now been synthesized and evaluated for ihS * aUo< *' m,M>l,ne <*» -h.^ 
annma.arial. a„„T,Iarial and an.imie«X acSfiT 



7.chloro.4-[3-<N,N'-dicarbethoxy«uaoidino)- 
4-hydroxyphcnylamino]quinoline (40) (Scheme 1). 
The synthesis of 7«hioro.4-(4-substit U ted- 
S" 1 ^" 01 ^ (42 - 51 > <»*oarried out « 
rt£2L !° . 2 - ReaCtion of '<Woro-4- 

nSton «; y ^ ,n0,,n - ,i (4 ' n ^ "y conde- 
nsaoon of piperazine with o. with different 

« of which 7ii225! 

*»%^iTV^ w '«h N.N-dlethyIcarbasnoylpiperazrae to afford 

* »-„ - e- ^ 0ro :^.^- Ctt -< 4 - di « th y , ^bamoylpiperarln 

* " M - Wl O^' ]l>^ly0pipera2ln-l-yl}qui„olme (46). However, 

££^,o^«ed by direct eomfensitfeo of 41 with 

jS^.,? r ° c MCW ?" des ' Rcartion «f 41 with 1.3- 
*! c * , * ,lko *y-S-mcthylisothioBieas also 



2 n-H.a'.cHjKri, 
4 a-B'-CMjMei, 



Condensation of 4,7^ichloroouinoline (A 'WmF23' - *L7~ ' " c " « ■ -u afe gavs 7- 

aminosa licylic acid (7) and 4?$£j3 nifrjri^ T^T^ C ^ N V N ^ dicarb:ilko ^ hiimidi »<>)P^^in- 
(«) yielded the 7<hlor 0 - M 4.hydrox?-3Vub^S§ ; .- 't^"" 0 '"* 8 ( 50 - Sl )- 

Phenylamino^ulnolines 9 and 10 ro33§ V„ « actio » °' ^cetamidophenol (52) with 

^P^oonvertJintoU^rres^ , 0nd ^ afr ° rdcd 

by reacuon of thionyl chJbride aac TpyrrolSISI f« U J n ^ 2 " hy 1. r<> J Xy ^ n2y,)pipera2in - 1 -y I ^«ino>''nc 
uns "^^- In an alternative nKtn^riSS^ da - HC1 to get the 

acid (14) was treated with thionyl chloride ^1^ : -!n^^ " fl • h "«» to ««« P«>duct 54. When 54 was 

tCDRi Communication Nu. J424 '■''■¥WBb3£ c i . roqu,na,,n * 4 -y |am 'no)-2-hydroxybenzvn- 

55Q }i^^^ v pl P craz,no t 5 *) w aj obtained (Scheme 3). 
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March reaction of 52 with pipcraino and 
formaldehyde led to the fonnadon^fUJS 
acetam,do.2.hydroxybeii2yO P i P w«inc(5«wliiA^ 

yww 57. Condensation or the latter with 4 7. 
dichloroquinolioc (o) afforded 1.4^5<7-chloio. 

Biological Activity 

.n!2!1 ° f i* 0 « om PO«n<U were evaluated for their 
amunelaruil acuvity against Plasmodium ***** in 
mice and Plasmodium knowlesl in mojuwTrhS 
screening for antifuaria] activity w» aSii W 
agamst Utomosoldes corinil in cotton fats* 

Tho compounds were initially «ivenfffii», 
pcntoneaUy co mice Infected with * *t&f ffigj 
of 1 > mg/kg> c 5 days when none of the comJS 
caused any reduction in biood parasiUemia?^^ 
infected with P. knowlesl also received an U 
10 mg/kg for 5 day* but none of the' 
showed any noteworthy activity Tbecompo 
also inactive against U carina in cottbriT! 
given lotraperitoneally at a dose of 30 - - 
days. 

In the in vitro antimicrobial screening* 
against the bacteria Staphylococcus - 
Rttitive, resistant to 2500 units of 
Salmonella typhi (gram negative), £t< 
Asrobacterlum iumefaclenc*, Sirepioa 
and Klebsiella pneumonia, and* the ft 
albicans. Trlcophyton mentagrophyust Cf 
ncoformans, Hicrosporum can is andf^ 

«1 




fumi?atus, none of tho compouods inhibited the 
growth of the microbes upto the minimum inhibitory 
concentration of 300 ug/tnl. 

This study clearly indicates the high specificity of 4- 
aminoquinoline antimalarials against the Plasmodium 
parasites which is evident by the fact that although all 
the 7s;bl 0 ro-4-subsUtuied.qinnolines carried the 
biologically accepted pharmacophores, the pipe- 
razine* and 4-amino-2*ubstftuted-phcnols, they did 
not exhibit antiparastic activity. A similar situation 
also holds true in the amodiaquine analogs for 
filarkidal activity. 

Experimental Procedure 

Melting points were taken in sulphuric acid-bath 
and arc uncorrected. IR spectra were recorded on a 
PerWn-Elmer 157 infracord spectrometer (r^ in 
. cm - ) aod PMR spectra on Pcrkia-Elmer R 32 and 
Vanan EM-360 instruments using TMS as internal 
. • ^ttmc* (chemical shifts In S. ppm). Purity of all the 

- ^E u » dS was checked by TLC on silica gel G plates 
l^^ff^ wcrc *>y KMn0 4 or Dragendorf 

- J??*, c the f 010 ^^^ were analysed for C, H and 
5- valuet * WW ^^i^oflhe theoretical 

l7<hkr*H^*rboxyl+hydroxyphenyL 
^ ammo)gumotine (9) 

{> ,; A solution of 4 J^ichloroquinoline ($ 3.96% 0.02 
mol) and S-aminosalicyUc acid (7; 3.06g, 0.02 mol) in 
.e^hanol (50 ml) was refluxed for * hr. The reaction 
T? ""^ tod *• WPWrted solid filtered, 
treated with aq. ammonia, filtered and the resulting 
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61 2 H fiul iCO) - 3400 t<>« C 

H;L% 3 ;^^ 7C - H '« c,Ni0 '^ uir « c .^'= 

Using the above experimental procedure, com- 
of 6 with corresponding amines. 

I <~-Hydroxy-5-nitrobcnzoyt)pyTrolidine (15) 
A mixture of 5-nitrosalicylic acid (14; 1.83 g. 0.01 

mol) and th.onyl chloride (1.1 ml, 0.015 mol) in dry 
benzene was refluxed for 2 hr. solvent removed and the 
residue d.ssolvcd in dry benzene. To this solution were 
added pyrrolidine (0.71 g. 0.01 mol) and triethylamine 
(1.4 ml, 0.01 moO and the reaction mixttireWas 
renuxed for 4 hr, solvent removed in vacuo and the 
residue treated with sodium bicarbonate solution. The 
separated solid was filtered and crystallised, from 
f*?^ y idd (51%). m.p. 210°, IR(KBr)c 1620 
??\ ^P^' 3400(OH); PM^CDQ, +DMsS 

Sfcii > V#;/^ CH i, c,,s > J - 33 - 3 - 75 ^H, 

"9%) H,2N2 °* re «l«"ses C, 55.9; H, 5.1; N. 

Similarly, compounds I6-22(Table i) were prepared 
>y the reaction of 5-nitrosaUcylic acid and the 
^corresponding- amines. 

HS-Amino-2-hydroxybenzoyt)ipyrroildine (23) 

1 1 1?^ 00 of 15 (U8 «- o oos m <>D ««« Raaey 
dckel (-v200 mg) in ethanol (30 ml) was shaken with 
•ydrogen ma Paar hydrogenator at 3 kg/cm 1 pressure 
or 4 hr. The catalyst was nitcred and the <atnZ 
oncentrated to get a solid which w« used in the next* 

' u«7J SS? P" rific4tlon - 1.6 (r. 6H. 2 x CHJ. 2 8-3 5 (m 12M *6 

Ju«d m±7 compounds 1M2 w£fe • 6.6-8.6 («, SH. Ar-/0 (Fouoi c 62.1 H 

^v^° bUln ^ 3 0(T.bM^Hl6.4.C,.H iJ C«N.Or equir , C. 62.3; k 6 * £ 



''■Chloro-44}* lm i n0 .4.hy(lroxyphenyl. 
aminotouinolint (39) 

It was prepared by the reduction of 7-chloro-4<4- 

hydroxy-3-mtrophcnyl)am, 0 oquuioline (1ft 1.550 

H mo,) wkh RaQ ^ ~ckel ( - 200 mg) as describe 
for the compound 28 and used fi, „>„ ^ next step 

7-CAW4-C3-(A',Ar.^ c< , 

rbelho.xyguanidino}- 
^"yaroxyphenylamino^qumoline (40) 

di«ri°i Uti0n c° f ? <l il38, 0 005 mol > «d 1.3- 
•a methanol (50 ml) m the presence of a catalytic 
*mountofPTSA(5mg) was refluxed for6hr. The S o"d 

«S» <°' , n COO J liBg ' *" f,Jtered . *=saed with 
07 . 7u°Jj? * 5 ^^salliscd fromethanol.yield 
°-/g (30%). m.p. 225"; IR(KBr): 1660 (C = N) 1730 
CO* PMRTTFA): 0.9-1.4 („. 6H. 2 * CHJ. 4 oi "5 
S&Hi^fen 5 ;*- 9 J m ' 8H ' ^-'O (Found- C. 
£4 n! ii K CliH - C,N '°' C, 56.0; 

T-Chhr^A^itthylcarbamoylpiptrasin- 
\'ytiquinoline (42) 

ni^c I ° Il iI'? n . of dicth y^ba«noyl chloride (0.68 a, 
0.005 mol) in dry benzene (10 ml) was added dropwi£ 
to a cooled and stirred solution of 7<h)oro-4- 
PVerazm-l-ylquiooIine (41. 1.24 g, 0.005 mol) and 
tmtfaylamme (0.7ml, 0.005 mol) in dry betnene^O 
mfc The reaction mixture was further stirred at room 
temperature for 5 hr. The benzene solution was washed 
withaq. sodium bicarbonate solution, dried (Na ,SO J 
solvent removed and the residue purified by column 
chromatography over a silica ge l column using ethyl 
«*f^ ,u * W to obuin the P«xl«« « an oil, yield 
I' 3 * (J 3 ^* IR ( n «")= 1640 (CO). 2800-3000 (CH^ 



sspectively. 

'Chloro-4-{4-hydroxy.2.pyrroJid!noyl. 
VitylamJ>u>)qutnotbte (31) 

A solution of « (0.99 g. 0.005 mol) and 23 S 
005 moo in ethanol(25 ml) was refluxed for «or.' 
action mixture was cooled and the separated" 
tered. washed with aq. ammonia, driodj 
ystalhsed from ethanol, yield 1.1 ■ (Uno^m. 

1620 (CO). 2900 (CH j'^S 
VlRfTFA): 1.6-2.0 [m. 4H. N(CH 1 CH0 1 3; 3 X 

Simnarly, condensation iof 6wjth 23-30 afford^ 
ntpounds 32-38 respectively (Table I), Jg"* 



U6.150. 

J| Similarly <»mpound» 43-45 (Table 1) were prepared 

reaCl1 ^ 0f 41 wi,h coriespondfag aS 
^ondea or alkyl chlorofonnates. 

E?&!f l ?°-*"{ 4 -L«'d'*iJ>ylcarbamoyl. 
\Wrtobhl-yt^tyllpiptr<BlnA~yl\-<iuinolme{46i 
m A . suspension of 7<hloro-4<4-chlorea«tvl- 
gp^^yl)quino B ne (45, 1.62VaSi ^ - 

Egdtam carbonate (1 g) in ethanol (50 ml) was reiluxcd 
res " u ? e ,nd Po«« extracted with 
E-SIW^^ and P^fied over a 
f product as an ofi\ yield 1.6g(70%).PMR(CDCU: 1.05 
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Tabic J— Physical Dau of the Compound* 9-58 Synthwbcd 
Compd R N < 



9 COOH 

10 NO, 

11 2-OCHj 

12 3-CH, 

13 4-CH, 

>S — Pyrrolidio-l-y] 

16 — 

17 — 
IS - 



4-Hydroxy«4^hcoyl 
pipcridin-l-yl 
4*DictbylcubvDoy|* 
plpcniln-l«yi 
4-Methylpiptf»di0-l^t 



Mol, formula 


m.p. 


Yield 
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SO 


C„H„N,0 4 


210 


51 




196 


60 


C,<Hi a N*0* 


145 


55 




192 


62 


C 4 H IC N,0. 


158 


52 


CiiH u N,0« 


240* 


60 




166> 


50 




138* 


55 




* 


— * 


C„H a< >N,0, 













19 - NH£t 

20 — Pipcr»dia.|-yi 

21 - N(El), 

22 — 4- M«tfcylpiptrafe. l-yi 

23 — PyrtoUdltt-I-yf 

24 — 4»Hyd*oxr4fbeayi- 
ptpcridin»l«yl 

25 — t-Dlc&ykmrUmoyt. 
piperasn-l-yf 

* - J-Mcthylplptt^b-l-yl C„H,.N a O a 

£ ~~ C 4a H M N a O a 

32 - 4-Hydfoay^hB^ CH^CWjO, 248 65 
pfcradia*U9( 

33 ^ 4-Dlcthjrfc«!»«»jf|- C, t H„ClN«0 234 60 
pipe ruin- 1-yt 

34 — 4-MctbylpCp€T»di».l-yl C„H aa CIN a O a >250 76 

36 — Pipcrtdia-I-yl C a ,H aa CtN a O a »250 68 

j|3 — K^Oj C a0 HitClN,O a >050 50 

2 4Mdfc *^H(l C ai H at C!N«0, 250 55 

42 NfcOj . CWBW Oil 73 

CnH^CINjO 140 62 

C l4 H( f a a N a O OH 75 

C„H IT CIN 4 0 162 60 

H* C 14 K„aN,O a Ofl 55 

C 10 H M CtN,O 125 64 

C„H„CIN,0 4 80 80 

CitHuCWA Oil 75 

C^H^CIN^, 150 37 

CioH ai ClN 4 0 « * 

C^H„a a N,0 130 45 

C Ja H u N 4 0 4 260 68 

m. : QiHaJNA 300 79 

•ut...,.^..* - - -d™&- www • 

Ui # ,flLph 170*71*. 

•Soowf.10, -v^j MLre *. 
«D»«oi« Um chc product, wet* u^^TV purity^g^ou^ W checked by TLC <>«J the yield wu taken as quantitative. 

. foJg H v 9x CT *>» *H. Ar— /ft (Fgi^OSfc Uvtkfuinotine (47) 

A ' iui pension .. . ^ _„_„ _ 

chloroacctaraide (0.47 g % 0.005 mol) and sodium 
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Cycle hexyl 




45 


CH a a 
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nk, 


48 




4-PWtfayku 


49 
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■ IS 


51 


et 




53 


COCH, 




54 


H 




55 
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COCH, 




57 
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■ 





' h VfcN^^ of 41 '0J4f. 0.003 mol), - 



carbonate (lfi)io ethanol (50 ml) w« re/hwed for 8 hr 
concentrated, the residue uken up in water and an! 
phase extracted with dichtoromethane (3 x 50 ml) TT» e 
combined extracts were dried (Na 2 SO<). concentrated 

u«ino «w W purified on a sUic * »d column 
us io« ethyl acetate as eluant u> get the product a* a 

Jg; V^/V* p M R < CD a^ Ms a. 4H. 

S^YT^' 305 - 3 - 4 C"». 6H, COCH* and 
N(CHJJ 6.7-8.75 (m. 7H. Ar-//and NH?(FoJS 

Similarly compounds 48 and 49 (Table 1) wit 
prepared by the condensation of 41 with the 
corresponding chloroacetyl compounds. 

piptrazinA-yQquinoline (50) 

A solution of 41 (1.24 g. 0.005 moD and 13- 
dicarbomcthoxy-S-methylisolhiourea (1.03 g, 0005 
moi) in ethanol (25 ml) was rcfluxed for 4' fax 
concentrated, triturated with ether and the retultmi 
S d crystallised from ethanol, yield 1.6g (803& mZ 

*ii 2 J5 aN »° 4 ,c< i llirei C. 53.3; H, 4.9; N, 17^50, 
Similarly, 7-ch1oro-4-[4^N,N'-dicarbeth03iy- 
amtdino)pipcrazin-l.yl]quinoIi l ic (51; Table 1) was 
prepared by the condensation of 41 with 13- 
dicarbeth xy-S-methylisothiourea. 
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was refiuxed for 3 hr, cooled, basificd with aq 
ammonia and extracted with ethyl acetate (3 x 50 ml). 
The combined extracts were dried (Na,SOJ f 
concentrated and the residual product was used as 
such in the next reaction. 

Similarly, 1.4-di-(5-amino-2.hydroxybenry0- 
pipcrazine tctrahydrochioride (57; TabJe I) was 
obtained by the hydrolysis of 56 with HCL 

piptrazine (55) 

A solution of 54 (1.84$, 0.005 moi) and 4,7. 
dichloroquinoline (6, 0.99 g, 0.005 moj) in ethanol (50 
mO was rcfluxed for 4 hr, cooled, and the separated 
solid filtered and treated with aq. ethanol, yield 1.2c 
(45/0. m.p. 130*, PM^CDC!,): 2.85 4H 

ArCi/J 6.5.8.8 (m, I5H f Ar-tf, OH and NH) 
(Found: C, 65.9; H, 4.9; N, 13.1. C 3 ^H aa CJ a N 5 0 
requires C» 65.7; H* 4.7; N, 13,2%). * 5 

Similarly, l,4^i-[5^7<hioroquioolm-4-ylammo> 
2-hydroxy-benzyJ3p. pC raxinc (58; Tabic 1) was pre- 
pared by the condensation of 57 (1 moi) with 4,7. 
dichloroqumolmc (6; 2 moi). 
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piperazm-UyQquinolin* (53) 
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requires C, 64.3; H, 5.6; N, 13.6%). » 

Using the above procedure l l 4^-(5*cctai3 
hydroxybenzyDpipemlno (56; Table 1) wvjT* 
by the reaction of 52 (2 moi) with anhyd. pfpt 
moi) and 30% aq. fonnaldcfaydc (2 mo0. £j 

7-Ottoro-±l44$*mino-2-Aydroxybenxyl)- 
piperaiin-UyQquinaline (549 : - v 

Attluionof53(&05g.0^ 
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Molecular modeling and quantitative structure-activity studies 
of anti-HIV-1 2-heteroarylquinoline-4-amines 
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ised upon comparative molecular field 

r „w,. — t — =•«« innioiiors. the training se( conskterinf in =~.i u ° cscn P*° n > have been established for 

CoMFA model a «leave-one-out' procedure yielded a cross-v a "fdafed tes i r -o L-?^ 1 -^ 1 het f' oa /yl) quinoline-4-amines. For the 
The MLR model was obtained using two newly derived d«crinm« ll,h~, ^ co .? s,s, f 5n, W1 «J> uncertainty of biological data, 
descriptors were calculated using tht results of mole^Iar m^eHn., ™h\ con y en,,o n al correlation coefficient r = 0.916. These 
represents the shape contribution of the amino subTS an^ ^r 1 uamu l m chemical AMI study. One of the descriptors 
aryl substituent. Together with the MLR n?odel 2 ^^S^^S^x * ,e « ro ?! alic contribution of the aryl oThetero! 
lines to dehneate a pharmacophore for this series of anti-mv agents S ' Udy " C ° MFA P lots P rovide reasonable gu?d£ 

^ie^AMt DUtatiVe «v»y relationship / molecu.ar modeling / molecular electrostatic potential / quan . 




Introduction 

Nucleoside analogs currently remain the primary 
agents m the chemotherapy of AIDS. However, their 
cluneal usefulness is counterbalanced by their toxic 
side effects. Moreover, it was established that at least 
two or more stages of chemical transformations are 
necessary for these compounds in the course of their 
™T' e f' P^P^Iation and incorporation into 
DNA, and some of these transformations are provided 
by enzyme catalysis [1]. The above properties make 
nucleosides difficult for structure-activity analysis 
and the systematic design of molecules with high 
selectivity to HIV. g 

« it 





A new generation of non-nucleoside anti-HTV 
agents, such as TIBO [2] I and nevirapine [31 II 
target reverse transcriptase (RT) of HIV-1 TIBO 
nevirapine and their derivatives all seem to bind to the 

^ Tmn° f 5 T [4] - Itwas recen,, y established [5,61 
a?. B and . nevi rapme bind to the same site of RT 
Attempts are in progress to develop new and more 
active structures on the base of these two leads. 
However TIBO and nevirapine derivatives have a 
common serious drawback: resistant viral strains 
emerge after 2-3 weeks of clinical evaluation [71 

T°BO°R oi b,oav /?" a °«"y (7-10%) established for 
I1BO [8, 9] also limits its applicability 

rt • ^ " t . attenti on has recently been paid to non- 

f Ro ?I 7^5? ,t0rS -/° r i n ! tance ' Ae compound in 
(Ro 24-7429) was identified as an inhibitor of Tat, a 
protein which is a strong positive regulator of HIV 
rep hcation 1?J. Another example is non-peptidic 
protease inhibitor VI (XM-323) [11], discovered not 
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«l5w£) if R2 HIV1 aCt ' Vhy (ECso) hUma " PBM Cells ' Ce " tOX * city ( MTC >' d 'P° le moment (ji.) of R» and shape descriptor 

\ 




Compound* 




R 2 


£C W (um) 


-log (EC^ 


MTC(nm) 




(UH) 2 


14 


Ph 


NHCHMe 2 


100 


-2.00 


> 100 


0.078 


1.24 


15 


Ph 


NHCH 2 CHMe 2 


50.6 


-1/70 


100 


0.078 


2.11 


16 


Ph 


NHCMe, 


100 


-2.00 


100 


0.078 


1.10 


17 


Ph 


Me 


26.4 


-1.42 


100 


0.078 


1.83 



18 



Ph 



28 

29 

30 

31 

32 
33 



Me 

O 



16.7 



-1.22 



100 



0.078 



1.83 



19 


Ph 


NHCH 2 CH 2 NMe2 


10.0 


-1.00 


100 


0.078 


2.66 


20 


Ph 


N(Et)CH 2 CH 2 NMe 2 


34.3 


-1.54 


100 


0.078 


1.65 


21 


Ph 


N N-Me 


34.8 


-1.54 


100 


0.078 


2.40 


22 


4-FC 6 H 4 


NHCH 2 CH : NMe 2 


13.2 


-1.12 


100 


-O.107 


2.66 


23 


4-CIC 6 H 4 


NHCH 2 CH 2 NMe 2 


100.0 


-2.00 


100 


-0.062 


2.66 


24 


4-BrCJt, 


NHCH 2 CH 2 NMe 2 


44.2 


-1.65 


100 


-O.013 


2.66 


25 


4-MeOC 6 H 4 


NHCH 2 CH 2 NMe 2 


10.4 


-1.02 


10 


0.091 


2.66 


26 


4-MeQH* 


NHCH 2 CH 2 NMe 2 


4.47 


-0.65 


10 


0.100 


2.66 


27 


2-Pyridyl 


Me 

O 


4.24 


-0.63 


100 


0.136 


2.40 



2-Pyridyl 

2-PyridyI 
2-Pyridyl 
2-Pyridyl 

2-Pyridyl 
2-Pyridyl 



Me 



N 



N 



N-Me 
O 



N S 
NHCHv 



2 CH 2 NMe2 
N(Et)CH 2 CH 2 NMe2 



4.86 

4.08 

18.5 

2.81 

1.35 
13.2 



-0.69 

-0.61 
-1.27 
-0.45 

-0.13 
-1.12 



100 



100 



100 



0.136 

0.136 
0.136 
0,136 

0.136 
0.136 



2.40 

2.40 
1.45 
1.48 

2.66 
1.65 
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Tfeble I. (Continued.) 
Compound* R, 



34 

35 

36 

37 
38 
39 

40 
41 
42 

43 
44 

45 
46 
47 

S3 
54 
55 
56 



2- Pyridyl 

3- Pyridyl 

3-PyridyI 

3-Pyridyl 
3-Pyridyl 

3- Pyridyl 

4- Pyridyl 
4-Pyridyl 
4-Pyridyl 

2-Furanyl 
2-Furanyl 

2-Thienyl 
2-Thienyl 
2-Thienyl 

Ph 

2- Pyridyl 

3- Pyridyl 
2-Thienyl 



ECsq (tun) -l og (EC^ MTC (pvn) 



Hi 



N — Me 



O 



o 

NHCH 2 CH 2 NMe 2 
N(Ei)CH 2 CH 2 NMe 2 

^N— Me 

NHCH,CH 2 NMe 2 
N(Et)CH,CH 2 N Me 2 

NHCH 2 CH : NMe 2 

N N-Me 

NHCH 2 CH 2 NMe 2 
N(Et)CH 2 CH 2 NMe 2 

^N-Me 

NH 2 
NH 2 
NH 2 
NH 2 



5.51 

33.7 

20.0 

1.51 
24.2 
1.00 

36.9 
100.0 
68.2 

0.91 
15.8 

0.57 
32.4 
9.07 

25.7 

8.56 

1.00 
34.3 



-0.74 

-1.53 

-1.30 

-0.18 
-1.38 
0.00 

-1.57 
-2.00 
-1.83 

0.04 
-1.20 

0.24 
-1.51 
-0.96 

-1.41 
-0.93 
0.00 
-1.54 



100 
100 

> 100 
100 

> 100 

100 
100 

> 1 

10 
100 



•In-order to avoid any confusion wc have kept the same method 



100 
85.7 
10 



0.136 

0.141 

0.141 

0.141 
0.141 
0.141 

-0.033 
-0.033 
-0.033 

0.112 
0.112 

0.127 
0.127 
0.127 

0.078 
0.133 
0.141 
0.092 



(UH) 2 
2.40 



1.57 

1.83 

2.66 
1.65 
2.40 

2.66 
1.65 
2.40 

2.66 
2.40 

2.66 
1.65 
2.40 

1.50 
1.50 
1.50 
1.50 



of numbering the compounds as was used in a previous report 



^ ^ndom screening, as other anti-AIDS agents 
were, bu through systematic computer-aided desiln 

Recently, a new class of non-nucleoside HIV-1 inhi- 
bitors has emerged V [12], represented by the 2-£y - 

table I). Some of these have demonstrated rather hich 

KidS: vity against HnM ' in combinati ° n '35 

Contrary to the majority of anti-HIV-1 series of 
compounds studied previously, V is quite suitable for 



classical or 3D QSAR (quantitative structure-activity 
rdationsh.ps) as well as for molecular modeling 
The series of 38 quinoline-4-amines possesses the 
following advantages making it appropriate for QSAR 
analysis: ,) all the molecules in the set confaiiTa 
mil~ I Iarge u f° mmon structural template which 
makes it possible to align the molecules for 3D 
analysis and to carry out a Hansch-type analysis- 

Sn? C i ^ i? tCrVal ° f activit y valu«?fc covered 
regularly by the compounds of the training set; and 
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iii) all structural changes are related to substituents 
attached to the two sites of common template with 
significant cross- variations which provide reliable 
analysis of substituent additivity. 

The pharmacological action of these quinoline-4- 
amines was attributed [14] to the H-bond formation by 
the quinoline ring nitrogen (Nl) with the hypothetical 
site probably situated on the viral RNA. Thus the 
variation of the electron density for the quinoline 
nitrogen should follow the variation of the inhibitory 
activity. However, this statement was contradicted by 
our preliminary study. We have carried out molecular 
modeling and quantum chemical calculations for 
compounds 14-47 and 53-60 and analysed the varia- 
tion of electron density on Nl. No correlation or 
trend between the Nl electron density and the ED^ or 
logCED^) values was revealed. The following qualita- 
tive observations illustrate that: i) there is no differ- 
ence in electron density on quinoline nitrogen atoms 
between compounds 33, 34, 38, 39, 41 and 42, but 
activities in this small subseries vary from the highest 
to the lowest possible values; and ii) 39 is much more 
active than 40 despite the unfavorable difference in 
electron density of quinoline nitrogen in 39. A 
Free-Wilson analysis of 21 compounds from this set 
[12] had modest statistic criteria (r = 0.889, sd = 0.41, 
F = 5.67) despite the significant number of adjustable 
parameters (NP = 9). 

When atomic and substructural properties are not 
sufficient to reveal QSAR, an analysis of fields 
surrounding molecules can play the key role in 
understanding their pharmacological effect. We have 
already demonstrated the validity of the molecular 
electrostatic potential (MEP) to delineate the drug- 
receptor recognition process [13]. Another approach 
involving field processing is comparative molecular 
field analysis (CoMFA) [14]. CoMFA provides a 
consideration of total molecular field information in 
relation to chemical and biological molecular properties 
CoMFA uses the PLS method [15] to reach an optimal 
reduction of molecular field data and to extract essen- 
tial information from these data for modeling the acti- 
vity. In the present study 3D QSAR were developed 
by CoMFA, providing the preliminary evaluation of 
anti-HTV-1 activity for newly designed molecules. 

In addition to the field analysis, Hansch-type relation- 
ships may play a complementary role, providing an 
independent predicting model and making the whole 
study more reliable. This type of analysis uses multiple 
linear regression (MLR) to directly relate the activity 
to various properties of the substituents attached to the 
common template. In the present study, the results of 
molecular modeling and quantum chemical studies 
were used for selecting the substituent descriptors 
appropriate for Hansch-type models. In this study 
MLR were established, involving shape and electronic 
properties of the substituents. 



To sum up, our study includes the following QSAR 
procedures: i) CoMFA; and ii) MLR with 3D and 
quantum chemical descriptors. The purpose of this 
study is to delineate a pharmacophore of 2-heteroaryl- 
quinoline-4- amine HIV-1 inhibitors in order to incor- 
porate it into an efficient strategy of computer-aided 
drug design on anti-HIV-1 agents. 



Methods 

Molecular modeling 

The whole set of quinoline-4-amines listed in table I 
were modeled using Sybyl 6.0 (Tripos Associates, 
Saint Louis, MO) on a Vax 3100. Low-energy confor- 
mations were determined with systematic search 
within Search option of Sybyl, using an unmodified 
Tripos force field [16]. The low energy conformations 
were then used as starting points in the optimization 
by the semiempirical quantum chemical AMI method 
[17] (Interface/Mopac option of Sybyl). In addition, 
the rotational barriers were elucidated by the AMI 
method, for the rotations around the bond between the 
quinoline and aryl, or heteroaryl rings. The barriers 
were found to be negligibly small, less than 
1 kcal/mol, with minima at values between 25-35° for 
the dihedral angle between planes of quinoline and 
aryl rings. 

QSAR 

The training set consisting of 30 molecules, 14-21 
23, 24, 27-30, 32^*2, 44, 46, 47, 53 and 54, was 
selected for QSAR/MLR study. Compounds 25, 26, 
31, 43, 45 and 56 were removed from our considera- 
tion as more toxic than the others. In fact, their high 
toxicity means that they have some additional mecha- 
nism in pharmacological action, which can interfere 
with their main action and therefore change its magni- 
tude. Compounds 22 and 55 were dropped after pre- 
liminary QSAR studies as systematic outliers amid all 
the relationships we tried to construct. Such system- 
atic outlying means that some latent external reasons 
make these compounds structurally incompatible with 
the others. The training set for CoMFA was selected 
according to the same rules as for MLR, with the only 
exception of compounds 53 and 54 which were addi- 
tionally dropped from this set. Hie reason for drop- 
ping compounds 53 and 54 is a great difference in the 
steric environment of substituent R2 for these 
compounds, compared with the others. 

CoMFA options and alignment rules 

The CoMFA method within Sybyl/QSAR was used 
for the 3D QSAR of the considered 28 quiholine-4- 
amines. The default probe of the sp 3 carbon atom with 



fhHL fge W3S USed for fie]d calculation in 
£e grid points around the relevant molecules. The 

SiJT?.^ Sp3Ced by 2 A in a » three dimen- 
sions. Sybyl's fitting possibilities were used to align 

svtt^T 1 ^ Ift superimposing the quinoline ring 
systems. The PLS runs with CoMFA column were 
made using the - leave-one-out ' validation technique! 
ie the number of cross-validation groups was the same 
as the number of molecules in t& t&ninJS. Th5 
kind of cross-validation makes it possible to maximize 
the information capacity of the training set. 

3D and quantum chemical descriptors 

^b£^lXT' m ° T ( W ° f ,he ob,on 8 ch ^cter of 
suostituent Rz was calculated as ratio of the <aih*f. 
tuent's 3D length (L) to its width (W) Subsrituem % 
was aligned along the JT-axis of the Ruler «d ion 
within the Sybyl/Graph option, keeping the quino ?£ 
ring in the p ane of the screen, in order to reach the 
maximum value of the ^-projection (see fig 1) The £ 
projection was then considered as the L pa? aroeter and 
^-projection as the W parameter of the substiuTent rT 

tuem e £°!>T^ S ? ^ ?P° le ™™n< of the substi- 
tuent Ri on the Jf-axis (see fig 2) were calculated 

we^al^^ 0 ^ ^ Char * es - Ml ^tte 
Hnl! ?TZ! ^"perposition of the planes of aryl 
nngs and bonds between Ri and quinoline ring. The 




5? I/A? ^. ignment of the R 2 substituent for calculation of 

nS!diS 2lfS ™ 'V 5° SSib,e m ^urement 
a . ,OI, g *' axis is considered as length fUk ih«. 
Mthogonal measurement along x 2 is consider!? £ wiAh 




supenmposed aryl or heteroaryl ring of 8 subsduS. 
relfce'axis pr ° jeCt, ° n of the char g ed site on the reff! 



Results and discussion 

QSAR studies by CoMFA 

I h ^T SS "K a " dated r2 with the ^^ing set of 28 
2-(aryl or . heteroaryI)-quinoline-4-amine? was 0 607 
(w,th predictive sd of 0.391 and an opUmunTSincSa 

SXto "oStfi* ^tionaTre^eSn 
nn^h^ ?- 9 20^as calculated with the optimal 

JSSS - & pal """SETS? = 5 ' * - * 18 ° 

tahX hv X* 14 \? = M > ^ new aiignment ob- 
CoUF ^iS tU ^ th t molecules to the STDDEV. 
t-OEFF field within the Fieldfit option cave nearlv ih^ 
same model (cross-validated r* ASf^dK&S 
- 0375, optimum five principal components). 

we must decide whether a cross-validated r 2 of 0 61 
is good enough to proceed with further CoMFA Snam- 

rvfn e 2Serr, the PLS modeI must **5n3d!j 
u^A g t i • f nt Omenta, molecular models, etc We 
used the information from the original study [121 to 

ac d i e vhv°d e a S !f ? STL*'?' model of U?iSS5 
EC i?et2Lii 0 y ,d ^ e re P° rted ^certainty in 
ated* -S 3?Sff7 ? f aduaI y incase from an estim- 
ated _3 (0.47 in log scale) for the active molecules 

«~?J? mar gmal activity. The standard error of 
predicnons evaluated by CoMFA is 0.39L In facUhis 
means that activity correlations between differem 
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Fig 3* The CoMFA electrostatic field plot shows the regions 
in which structural variance causes the variance of anti- 
HIV-1 activity. Increasing positive electrostatic potential 
inside grey polyhedra or negative electrostatic potential 
inside white polyhedra should increase the activity. 



series of measurements of the EC^ values may have 
an even worse correlation coefficient than that evalu- 
ated by CoMFA. On the other hand this means that 
there is no reason to search for better results, because 
the latter are most likely to be determined by chance 
effects. 

The CoMFA plots obtained within the COMFA/Field/ 
GTaph options using the Contour and Contribution 
options with STDEV*COEFF field are shown in 
figures 3 and 4. The most active 2-(3-pyridyl)-quino- 
lineamine 39 is shown in these figures to outline the 
sensitivity of the model. We can see that compound 39 
already possesses most of the important structural 
features for increasing the activity as revealed by 
CoMFA. The regions in the plane of the molecule 
around R 1 are more important from the electrostatic 
point of view, as shown by presence of the differently 
shaded polyhedra. The region terminating R 2 encou- 
rages increases in the substituent's length. Neverthe- 
less there is one structural feature which is not inhe- 
rent to compound 39: the large polyhedron and the 
small one behind the substituent R2 show the useful- 
ness of bulk and positive contributions in order to 
increase the activity. This feature is extracted from the 
moderately active compounds 17, 18, 27 and 28. 
Thus, even by interpolation, we can improve the ac- 
tivity by attaching a methyl group to the me*a-position 
of R2 in 2-(3-pyridyI)-quinoline-4-amine 39. 

In general, CoMFA plots cannot be considered as a 
receptor model, because structural modulations do not 
usually concern active sites of molecules, ie the atoms 
which are actually contact with receptor. However in 



this study, CoMFA probably delineates some features 
of the receptor. For example, the region behind R 2 was 
marked as favorable for positively charged and bulky 
groups. However the alkyl groups in compounds 17, 
18, 27 and 28, which originated this structural hypo- 
thesis, do not affect the properties of the other mole- 
cular moieties. This means that these groups are 
probably important by themselves and fit in a hydro- 
phobic pocket of the possible receptor. 

QSAR studies using 3D and quantum chemical des- 
criptors 

The most important result of the LR study is the gene- 
ral equation: 

-logCEQo) = 7.58(±0.71)*ji 1 + 0.70(±0.09)*UW 2 

+ 3.29(:!:0.21 ) [1] 
n = 30, R = 0.916, sd = 0.228, F(2,27) » 70.2 

This describes the whole set of 30 quinoline-4- 
amines, where jt, is the dipole moment related to the 
R 1 substituent and L/W 2 is the 3D oblong descriptor 
of R 2 . Equation [1] is based upon approximately equal 
contributions of both R 1 and K 2 substituents. First, 
preliminary analyses were carried out in subseries 
with a fixed R 1 or R2 substituent, in order to obtain 
this general relationship. 

Two statistically sound subsets with a fixed substi- 
tuent R 1 were selected. The first contained all the 2- 
phenylquinoline-4-amines (compounds 14-21) and 
the second contained all the 2-(2-pyridyl)-quinoline-4- 
amines (compounds 27-30 and 32-34). The qualita- 
tive analysis of these subsets shows that the shape of 




Fig 4. The ComFA steric field plot shows the regions in 
which structural variance causes the variance of anti-HIV-1 
activity- Increasing bulk inside grey polyhedra and de- 
creasing that inside white polyhedra should increase the 
activity. 



substituent R2 is an important factor leading to the 
wtthvU^ 868 - Tte .~ ri « of correlations wire tr£5 

such r2WCT am r of the ^bstituent 
2~^f. 2 P 3D 'ength. width and volume. It was 
found that all these geometric parameters have Y» m n» 
activity trends, but each of them 53?«2fiSS 

SSSSri? OUtHerS - Arithmetic combination!" of * e 
geometric parameters were also tried in various corre- 
lations in order to specify the shape contribution TTie 
ratio of the two substituent dimensions" The L iid W 

oe tfte best for the correlation between shaoe and 
activity within the subsets studied. ^ 
-logCEC^) = 0.56(±0.12)*L/W 2 + 4.05(±0 18) f21 

0.903, */= 0.236, F(l,6) = 31.35 
-logCEQ,,) = 0.64<±0. 14)*L/W 2 + 4.21(±0 19) f 3] 
« = 7, * = 0.89,*/ = 0.231, F(l,5) = 29.71 

Although this descriptor was derived artificially it has 

R2 substituents. As the majority of Ri suSuSJ 
have the same shape, this particularly nVeans S, e S2 
frostatic contribution is essential for activity chaneS 
Hectrostatic models of increasing complexly were 
toed for substituent R> to describe^ its effS on Icti- 
vity. The simplest model is the effective point chawre 
expressed as the sum of charges on ^R^conSSfm 
atoms or a charge on one of The atoms S R* 
S^fJT 1 ' < P U &> nev e«heless, was not found to 
be a | good descnptor of R. substituent effect The neS 
level of complexity among electrostatic models is the 
djpofe moment expressinl the polarity of TmoIe^Sl 
or a fragment. The total molecular dipole moroentTare 
usually used as polarity descriptors ofmoKS If aH 
the molecules in the set are aligned in the sam? carte 
sian coordinates, then the mplecular dipokmonSn^ 

xJe £2 * d ! fferent directions « S 3S spS? 
The small molecules can easily orientate themselvTs 
"? the 5> a « » order to point their dipoles towSdThe 
charged sites of a relevant receptor HoweW Iht 
orientation of the larger molecule? ™ d estSy S 
Aejr consutuent fragments is not determSd by thefr 
dipole moments only. In this case, a projection rf I 
dipole moment onto an axis, poin ffS tnl 
spending charged site of the receptor is more ,W^r 
tent than the total di , e momentT^e cS^fThe 
Zl.™^^ direction was made for th?°Vof 

*ary and does not affect the final result The ^e. 
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Sjh n f. K f I" 6 aCtivity whh components calculated in 
S2f y^.W • ™ e next hypoSesS 
a^ rLStion w K tCrd ^ eCt |° n P° intin S to the'nitrogen 
*w T 3 of the arvl substituent. This direction was 

FV^(£ to . actIV, ty. as was revealed by 

qualitatively. The correlations of activity with this 
descnptor happened to have satisfactory criteria: 

-logCEQo) = 0.81(±0.27)^ 1 + 2.1.(±0.11) r 4 l 
n =8,R = 0.891, sd = 0.331, F(l,6) = 34.28 

-logCEQo) = 0.95(±0.09)*n, + 1.82(i0.17) \5\ 
" = 7, /? = 0.903,** = 0.322, F(l,5) = 26.23 

tfo7m) s thtS*J r wa K usedin the final MLR (equa- 

S2! ^h, together with the geometric shape 
™ZV ° f R ' has me ^ statists criteria which 
could be expected from the data studied. T 

Generalized 3D model of a quinolineamine lead 

It is noteworthy to underline that CoMFA and MLR 

oe expressed as follows: i) the axis onto which 
dipoles were projected to 'calculate the quaSim 
tnZ?£i de **Pt°rs for the MLR poWexS 
toward the region marked by the CoMFA as favoS 
for jncreasing the negative eleetro^c potential Ind 

falSEfo? \Vr region »^%cS&aZ 

tavorable for bulky groups causes R2 substituent to 

The generalized 3D model of an active nnin^i;™ 

S ft? fr ° m ,^ ab °^ C -Sts^rSted^' 
ngure 5 The qumolme moiety emerges in all com 

element T^„« ? 3 necessary structure 

Thus ' u 1S conditionaUy included in this 
model as a heteroaromaUc system. A dipole carriS 
group is attached to the heteroaromaUc SnTThe 
angle between the plane which contain? th7Se Sd 
TOtweefih^T Plane . is around 30'. The arSe 

wift the ^ ?° nneCting the di P°le group 
^'7? "? e , aromauc system and the direction 

At least one amino group is needed, probabW to 
hl^i X D ,- gat r elec trostatic field in P Se region 
between the lipophilic and dipole carrier groups * 
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Fig 5. The generalized 3D model of a 2-heteroarylquinoIin- 
4~amine lead. The aromatic system (quinoline moiety) is in 
the plane of the figure. The plane of polar substituent forms 
a dihedral angle of 35-40° with the plane of the aromatic 
system. The long lipophilic fragment is attached in 44.5 A 
from the polar group. 



One consequence that can be derived from the 
above 3D model should be underscored. The quino- 
Hneamines are not necessarily the best class of 
compounds that fit this model. Moreover, the ring of 
the aromatic substituent, forming the angle of around 
30° with the quinoline aromatic ring, hides the quino- 
line nitrogen. Thus, it is hardly probable that this 
nitrogen represents the binding site with the biological 
receptor, as was previously proposed [12]. 



Conclusions 

The 3D QSAR analyses by the CoMFA and MLR 
methods were carried out on the new series of 2-(aryl 
or heteroaryl)quinoline-4-amine HIV-1 inhibitors. 
Two new descriptors were derived from the 3D mole- 
cular structures for the MLR models. One of them 
represents the shape contribution of the amino-substi- 
tuent and the other represents the projection of R 1 
dipole moment on the direction pointing to a probable 
receptor site. 

The generalized 3D model of a quinolineamine 
lead was derived using the results of the QSAR study. 



This generalized model suggests that other classes of 
compounds can have the same type of HIV-1 inhibi- 
tory action. 

Both CoMFA and MLR studies indicate that the 
type of action is probably different from that proposed 
in the original study [1]. It is more probable that 
substituents R 1 and R 2 interact with the biological 
receptor rather than the Nl nitrogen. 

Work is underway to perform classical biochemical 
assays. The knowledge of the biological target of 
compounds studied will allow us to carry out more 
orientated design of novel molecules. However, the 
methods used in this work do not depend on the biolo- 
gical mechanism. New molecules were designed using 
QSAR obtained by us. The experimental results obtai- 
ned in biological assays for studied and novel mole- 
cules will be reported in forthcoming communications. 
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Substance 



Beilstein Registry Number 


7386604 


Chemical Name 
Autoname 
Molecular Formula 


[4-(7-cMoro-quinoUn^-yO^ 


[4-(7H:Moro-quinolin^-yl)-piperazin-l.yl].phenyl-methanone I 
C 2 oH 18 ClN 3 0 


Molecular Weight 


351.83 


Lawson Number 


28000, 27421, 10581 


Compound Type 


heterocyclic 


Constitution ID 


6280178 


Tautomer ID 


6925684 


Beilstein Reference 


6-23 


Entry Date 


1996/04/26 


Update Date 


1997/02/03 


Reaction 


Reaction ID 


4379692 


Reactant BRN 


125359 4,7-dichloro-quinoline 


Product BRN 

No. of Reaction Details 


8060 1-benzoyl-piperazine 


7386604 [4-(7-chloro-quinolin-4-yl)-piperazin- l-yl]-phenyl-methanone 


Reaction Classification 


Preparation 


Yield 


67 percent (BRN=7386604) 


Reagent 


K2C03 


Solvent 


dimethylformamide 


Time 


8 hour(s) 


Other Conditions 


Heating 
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Reactant 1 



Reactant 2 




Product 1 



Melting Point 



VALUE (MP) 
C 


Solvent (.SOL) 


Note 


Ref. 


158 






1 



5999135; Journal; Tripathi, R. C; Saxena, M.; Chandra, S.; Saxena, Anil K.; USBDB- 
Indian J.Chem.Sect.B; EN; 34; 2; 1995; 164-166; 
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Pharmacological Data 



Note 1 activity on reversal of chloroquin resistance: inactive at a dose of 3 mg/kg 
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